Abstract: Members of genus Acanthamoeba are widely distributed in the environment. Some are pathogenic and cause keratitis and fatal granulomatous amoebic encephalitis. In this study, we isolated an Acanthamoeba CJW/W1 strain from tap water in Wuxi, Jiangsu Province, China. Its 18S rDNA was sequenced and a phylogenetic tree was constructed. The isolated cysts belonged to morphologic group II. Comparison of 18S rDNA sequences of CJW/W1 strain and other isolates showed high similarity (99.7%) to a clinical isolate Asp, KA/E28. A phylogeny analysis confirmed this isolate belonged to the pathogenic genotype T4, the most common strain associated with Acanthamoeba-related diseases. This is the first report of an Acanthamoeba strain isolated from tap water in Wuxi, China. Acanthamoeba could be a public health threat to the contact lens wearers and, therefore, its prevalence should be monitored.
Free-living amoebas (FLAs), including Acanthamoeba, are widely distributed in the environment, including soil, air, and water [1] . There are 2 stages in the life cycle of Acanthamoeba. The active stage is a trophozoite. Under adverse conditions, the amoeba forms a double-walled cyst. This double wall barrier allows cysts to resist chemical and physical disinfectant treatments, leading to difficulties in controlling related diseases [2] .
Some strains of Acanthamoeba are opportunistic pathogens, causing granulomatous amoebic encephalitis (GAE) and Acanthamoeba keratitis (AK). Furthermore, the diagnosis of AK can pose a challenge. The disease can be misdiagnosed as bacterial or fungal keratitis, thus delaying therapy and potentially leading to aggravation of the disease [3] . The number of infection cases is increasing every year owing to the increase in the number of contact lens wearers who do not comply with recommended hygiene practices and even rinse their contact lenses with tap water [4, 5] . Additionally, an increase in the number of cases of AK has been reported in China [6] . Because of all the threats and their dangerous effects on human health, the early detection of pathogenic Acanthamoeba in environments is essential.
Currently, 20 genotypes of Acanthamoeba-T1 to T20-have been identified. Earlier studies have shown that T3, T4, and T5 genotypes are highly pathogenic [7] . Furthermore, the T4 genotype is the most reported in the literature from AK clinical cases and is also the most prevalent in the environment [8] . However, a clear relationship between the genotypes and their pathogenicity has not been established. Molecular techniques based on the amplification of nucleic acids are optimal for sensitive, specific, and simultaneous detection and quantification of protozoa compared with conventional staining and microscopy assays [9] . Moreover, sequencing data of the nuclear small subunit ribosomal DNA (18S rDNA) and genotyping systems provide distinct strain phylogeny and taxonomy [2] .
The aim of this study was to evaluate the occurrence, genotypic characterization, and potential pathogenicity of Acanthamoeba spp. in tap water from selected locations in Wuxi, Jiangsu Province, China, using polymerase chain reaction (PCR).
Sixty tap water samples were collected from public places randomly distributed in 5 subareas in Wuxi. We isolated an Acanthamoeba CJW/W1 strain from tap water, which we cul-
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Water in Wuxi, China tured axenically in PYG medium [10] . An EasyPure® Genomic DNA Kit (Transgenbiotech, Beijing, China) was used to extract genomic DNA and 18S rDNA from Acanthamoeba was amplified [10] . The sequencing data were aligned with the strains of Acanthamoeba and 18S rDNA sequences with a high degree of similarity in the GenBank database using the Basic Local Alignment Search Tool (BLAST) search engine. The phylogenic tree was constructed using the neighbor-joining method with MEGA 7. Fig. 1 shows a trophozoite and cyst of the isolate CJW/W1 from tap water of Wuxi. The trophozoite of the isolated amoebae had a large single nucleus and spine-like pseudopodia, characteristic features of the genus Acanthamoeba. The cyst had polygonal and corrugated ectocysts. We randomly selected 50 cysts from the culture bottle. The number of arms of the cysts ranged from 3 to 7 and the diameter ranged from 13.0 to 23.1 μm. Studies have reported that Acanthamoeba can be classified into 3 main groups based on morphological differences of the cysts [11, 12] . Group I has a radial endocyst with a well-separated ectocyst, group II has a polygonal endocyst with a usually corrugated ectocyst, and group III has a round endocyst without cyst arms and a usually smooth ectocyst. The morphologic characteristics of the cysts of isolate CJW/W1 revealed that they belonged to group II. The majority of reported human diseases caused by Acanthamoeba (AK and GAE) and strains isolated from the environment are associated with group II [11] , which is similar to the results of other studies [10] .
According to the sequencing results, the length of the nuclear 18S rDNA fragment of Acanthamoeba CJW/W1 is 2,315 bp, which is close to the range of 2,300-2,700 bp reported by Stothard et al. [13] . Besides Acanthamoeba CJW/W1, representatives of all genotypes of Acanthamoeba (T1-T20) and their close relatives were selected for phylogenetic analysis. The BLAST result demonstrated that the 18S rDNA sequence shared 99.7% similarity with both Asp. KA/MSG26 and Asp. KA/E28, which were isolated from marine sediments in Sunchen, Gangjin, Korea and infected cornea of amoebic keratitis patients in Korea, respectively. As shown in Fig. 2 , we confirmed Acanthamoeba CJW/W1 had high homology with Acanthamoeba genotype T4 and Asp. KA/E28. Additionally, genotype T4 presented high pathogenicity associated with both AK and more invasive diseases [9] . In conclusion, Acanthamoeba CJW/W1 could be a potential public health threat. To demonstrate our inference, reliable in vivo pathogenicity tests on mice should be conducted. In other studies, Acanthamoeba spp. have been detected in tap water in Mexico, Iran, and Spain with 22.5%, 48%, and even 100% positive samples, respectively [14] . The positive rate of Acanthamoeba in this study was relatively low, suggesting a very low prevalence of Acanthamoeba in tap water. This is in agreement with the available clinical AK case records from this area. Furthermore, there could be some mutation-induced changes in gene structure during the repeated passage of Acanthamoeba [15] . Previous studies have often used 3 methods to evaluate the prevalence of Acanthamoeba in environmental material: conventional PCR, real-time PCR, and LAMP, all based on 18S rRNA genes. Considering its high sensitivity, the LAMP method is highly recommended, followed by real-time PCR techniques [1, 5] . Nevertheless, in order to isolate and preserve Acanthamoeba strains, and to obtain complete 18S rDNA fragments, we chose the conventional PCR method. As we expect a higher presence of Acanthamoeba, more and larger samples should be tested to estimate the prevalence of this organism in water using other methods mentioned above. Some strains of Acanthamoeba spp. can cause serious human diseases, such as fatal GAE and AK, a vision-threatening corneal infection [16] . Moreover, Acanthamoeba acts as a transmission vehicle for bacteria and fungi [17] . The discovery of a high rate of specific antibodies (up to 100%) in healthy populations confirmed that humans are frequently exposed to Acanthamoeba [18] . Thus, not only users of contact lenses, but also humans with reduced or impaired immune status due to AIDS, immunosuppressive therapy, malnutrition, diabetes, pregnancy, and alcoholism are prone to infection.
We detected Acanthamoeba spp. in treated water from drinking water treatment plants, indicating that the purification processes used in these treatment plants did not eliminate these protozoans. Furthermore, Acanthamoeba can be resistant to chlorination, a purification process, which is in accordance with the findings in other countries [14] . A higher prevalence of FLA has been observed in tap water than in the natural water source, because microorganisms that settle on the inner wall of water pipes become a source of food for Acanthamoeba [19] . Therefore, rinsing contact lenses with tap water or homemade saline solutions and showering or swimming wearing lenses are high risk factors for eye infections. Consequently, it is important to develop programs to promote awareness toward the existence of potential pathogenic Acanthamoeba, the risk of infection for immunocompromised populations, and better hygienic practices among contact lens wearers [8] . Furthermore, these results should be made available for all medical practitioners to manage their patients and susceptible populations with adequate care and to organize proper control programs.
